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ABST RACT OF T Jltl DISCLOSURE 
Aii tOectxode device Tor electrical ty hunting undergrouxjd 
deposits of hydrocarbons such as oil saud or oil shnlo-, PJural 
veil pipe sections are joined through i.nr.ulated pipe joints with 
an tilcctrodc conrxec 1 te<l through one of thu insulated pipe joints 
S to a loiter one of the pipe sections. Each of the insulated pipo 
joints includes a first tnbul.it r me ruber haxnng a flange portion 
at dug end tfifcTKof, 3 recent tubular member having a cap portion, 
at one end ifhich is received in the f] an go portion of the first 
tubular member with a s»p therebetween , and an insulating, member 
10 diAyosod 5.n the £Bp lor hermetically coupling the first and 
second tubular members and for electrically insulating first 
and second tubular mambsrs from one another. 



ELltfTttOOE DEVICE FOR KLKCTMCALLY HEAT TNG 
UNmiKCUOlWD DEPOSITS OF HYDROCARBONS 

BACKGROUND OF TIW rKVENTIOW 
I'he present invention relates to an electric device 
used to electrically heat untforground deposits of hydrocarbons. 
Wore specifically, the present invention relates to an electrode 
5 device vfhich is used to supply eloctrica.l power to an underground 
deposit thereby to heat the hydrocarbons present in the deposit 
to cause them to have a ifcnoer viscosity and hitter fluidity in order 
to more easily remove' thera from the velJ . 

Tho tetoi "hydrocarbons 1 ' *is used hereinafter means 
10 ■ petToleum or oil, bitumen containod in oil sand [also called 

"tar sand 11 ) an4 kerogeti contained in oil $hale. These will all 
be referred to AS i1 oil M for simplicity. 

If the oil in the underground deposit lias sufficient 
fluidity, it is possible to extract the oil through the well 
15 either by gas pressure coexisting in the oil layer or. hy forcing 
a liquid such as brine into one well to forco ths oil to flow 
out of another well. Howdver, should the underground oil havo 
low fluidity, it cannot be extracted until the oil is made mora 
fluid. A general method of making the oil fluid is to heat the 
£0 oil thereby to lowtr the viscosity of the oil. The teiiiper&ture 
suitable for this is different for different type* of oil. 

There have boen proposed as oil layer heating methods 



the injection of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited with a supply of air so that it may 
be burned, and the :use of explosives. The last two methods are 
difficult to control so that they are pot in general usb< 

According to the method of injecting the hot water or 
water vapor a.t a high temperature and under a high pressure, 
the oil layer i3 heated to enhance the fluidity of tho oil to 
cause the fluid oil to flow out to the ground surface. If r how- 
ever, some regions of the oil deposit have a low resistance *□ * 
the flow of hot water or water vapors or there are voids in the 
oil layer r the water or vapors way colloct In these regions and 
fail no diffuse throughout the whole layer. Moreover, if the 
oil layer is solid and dense, the hot lcatex or its vapors will 
again not diffuse so that the oil layer cannot be heated. 

Heating by the supply of electrical power is perfumed 
by drilling a plurality of wolls in tho oil layer and "by establish 
ing potential differences between electrodes disposed in the 
wells so that the oil layer is heated by its resistance to the 
electrical current vhich flows therethrough* This technique la 
advantageous in that the oil layer can be vholly hoated with ease 
even if it has voids or is solid and dense. However, another 
device is required for pumping up: the fluid oil. 

For improving the oil producing efficiency, there has 



further been proposed a method which includes a first Step of 
beating the oil lay or by electrical resistance heating and a step 
of injecting hot water or water vapors at a high te/fiperaiuie and 
cmdvr a high pressure* when, the oil layer become a soft while con- 

i tinuihg the heatirfg sd that the resultant fluid ail may He pumped 
o\it. In order Co efficiently heat the oil layer 4 the &j.BctTOde 
device must be sufficiently electrically Insulated that the leak- 
age of electrically current into underground portions other than 
the oil lay«r is avoided as much as possible. The Bi.ect.ro tie cJe- 

XO vici> also required to be unbreakable with respect to the under- 
ground soil pressure, the pressure of thu vapors which are gener- 
ated by the heating operation, find the pressure of injected hot 
v, r ater Or hot high pressure water vapors. The electrode doyic** 
Is further required to be free from leakago of hot water or hot 

IS high pressure water I'tpDrs. 

Til order to explain, the electrode device of this general 
type more fully, an example in which the oil is extracted from 
oil sand will be described. 

Oil sand, also called "tar sand", is present in large 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with brine betweeti ' 
sands in deposits. Moreover, it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partially Exposed in a valley or at the banks of 
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a river but j » most of ton located ontl.rnly undox U ro»wl at a 
doptli.of 200 to 500 m wWie having a thickness of several tens 
o£ .meters, toxica to consideration of economy and enviroiawjutAi pro- 
tection, it is; necessary to separate oat the- oil underground and 
to extract only the oil fro* the well- Moreover, sine* the 
extraction of oi). from u shallow underground layer is accompanied 
by a dan 3 er of substdenoe, it is desirable to oxtract oil only 
from underground layers lying deeper than 300 jh. 

Purther aspscts of the background o± the invention and 
the Invention of the present application &re described wi Lh 
the assistance of the accompanying drawings in' which.: 

Vig. 1 ia A schematic sectional view showing a 
conventional prior art installation of the general type with 
which the invention is utilifceitr 

yig, 2 is i\ cross -sectional, view of an in aula tad pipe 

}oint of the invention? 

Fig* 3 is a oro»B«aectiona3. view showing several joined 
pipe sections, an elect rode and insulated pipe joints in accordance 
V>ith the invention; and 

Piga. 4-7 are a 'scries of cross -sectional views 
illustxAtiftcr the use Of insulating coating* in accordance with 

l;he invention - 

Fig. 1 illustrate* the' heating of an oil sand layer, 
by elQCtxodeH coupled to a power supply. In ?ig* l, reference 
numeral* 1 and 11 indicate main guide pipe* made r>Jf steal, 2 
and* 12 indicate insulators 3olned to the main guide pipes 1 and 

11, 3 and 13 indicate electrodes 3oined to the insulators 2 and 

12, perforations axe formed in the electrodes 3 and 13, and 4 and 
14 indicate cables for feeding an electric current to the ele- 
ct rodas 3 and 13. This assembly ia hereinafter called together the 
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"olccrcocSe ctevi<:e". Reference numeral S indicates a power 
source, 6 infiLj-catfts an oil sanfl l^yer r 7 indicates tan olootric 
currcisit Jttovinq betveen the elcntrodfts 3 and 3.3, B indicates the- 
ground surfura, S indicates ail overburden layer,, and 10 in- 
dicates a layer bvlow the nil scuici layer, 

YJhen a voltayc is applied to the electrodes 3 aivd 
13 which arc buried in the oil Rand layer 6 from the power 
source 5 through the cables 4 and 14, tho current 7 flows in 
accordance with the electric: resIsUance of the oil sand layer 
6 as a result 



of which the oil sand layer 6 is heated by Joule or resistance 
heating. Although T Che current 7 paztSally flows into the over- 
burdBn layer & and the layer 10, the leakage is maintained at a 
low level because the insulators 2 apd 12 are interposed between 
the main guida pipes 1 and 11 and tha electrodes 1 and IS. After 
the oil sand layer 0 has been wsrmed, the powor supply is inter- 
rupted. Hot water or water vapors at a high temperature under 
a high pressure are then forced from the upper inlet of cme main 
guide pipe 1 of the electrode device and flow through the oil 
sand layer 6 until they corae out of the other main gufde pipe • 
11 carrying the oil, Fn order to improve the flow rates of the 
hot vatw or the hot pressure water vapors, perforations ar e 
formed in the electrodes 5 and 15. 

Since the upper portions of the insulators 2 and 12 
are connected to the main guide p-l^es 1 and 11 and the lower 
portions are connected with the electrodes 3 and 13, a down- 
ward tensile stress is always applied to the insulators* More- 
over* since the assembly can be at a temperature as hi^h us 
250*c to 300 ,a C» the insulator* should ba ahle to withstand such 
tempera tures. Also, since tho insulators 2 and 1? are buried 
underground as dc;op as several hundred waters with the electrodes 
i and 13 suspended from thci-r lower ends Kith the upper ends 
thoreof connected to the maiTi guide pipes Z and 12 1 the insulators 
1 and 1Z will almost certainly contact or collide with the well 
walls Tffhilo they arc lowered into the icell. Because of the 



groat total weight, any Alight contact will impose a hi^h jnucha- 
nical impact upon the insulators 2 and 12„ There To the 
insulators 2 artd 12 am required to be Able to withstand anticipated 
levels of mechanical impact. 

5 In an electrode device which heats an oil sand layer 

when ii is supplied with an electric current, a major problem is 
that the ol.ccf.ric resistance in the oil sand layer is approximately 
equal to the overburden layer. Since these tle-cCric resistances 
differ depending on place and conditions, they cannot pcnorally 

10 be precisely stated. HotfOvcjr> avorage valuer are lOfto-m for 

the oil sand layer and \00-l50*l-m Tor the overburden layer. As a 
result, if" an electric current is supplied to two electrode devices 
which a,re constructed by connecting electrodes to guide pipes m^de 
of steel pipes and by disposing those electrodes in the oil sand 

IS layer, laO^t of the current will he consumod in the overburden 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes vith an insulating coating 
or to insulate the electrodes from the guide pipes. 

Various attempts have been made to provide insulators 

20 which satisfy the iiforenxe tniosied requirements. In one such 
attempt* flailed tubular members made of metal arB coated with 
*n organic tesin which provides a high resistance tg heat* An 
appropriate Material is polytetraf luoroethylene resin (foT example 
,r T«f Ion™" -which is trade name of du Pout) . with this 

25 construction, insulating momboxs are provided which are 

satisfactory in th<iir ability to withstand a suspending load 
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and mechanical impact forces. However, it tins proved quite diffi- 
cult to coat the flanks portions satisfactory with the insulat- 
ing oiaterial . Moreover, even if sat. i_s factory insulating char- 
acrevi sties aro provided at roow tonuperature, the insulating 
5 coating has a tendency to separata, especially around tho flange 
portions* due to repeated fc hernial expansion and contraction 
such a.s is typically encountered in normal operating conditions. 
If the insulation coating is brolcon or caused to flake off, r.he 
insulators thus, produced become useless. 

10 Tn s second attempt , porcelain suatori&l has "been used 

for forming the insulators. However, it is also necessary iu 
constructing the insulators to tak$ into account the requirement 
foi providing water and oil tight characteristics with respect 
to the connection between the main guide pipes 1 and J.l and the 

15 electrodes 3 and 13 as vbU as between the insulating member. 
The connection has generally been made by shrink fitting metal 
pipes on the outer peripheral surface of tht* porcelain pipe and 
then connected with other metal pipes ordinary technique^ -*ucb 
as welding or attachment with holts. With this construction, 

20 although tha wall or oil tijjht characteristics may be acceptable 
at rooju temperature, the strength of the shrink- fitted joints 
tends, to drop as the temperature is increased <scj that the abi- 
lity to support the suspended load is correspondingly lowered. 
Moreover r breakage of the porcelain may tatsn place as a result 

25 of the stress imposed upon tho leading end portions of the shrink- 
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fitted areas, fn order to eliminate such draKljacks, there lias 
beets proposed tlig use of a porcelain pipe living ends formed 
as fjnnge portions with the flanga portions fastened to Jiietnl 
pipes with packings interposed between the contact surfaces. 
5 With this construction, the above- stated reqxiirements 3 re met 
at room temperature. However, the water aDd oil tight- scaling 
tends to deteriorate upon repeated thermal expansion and con- 
traction. Moreover , porcelain intrinsically lacks strength 
against mechanical impact forces. Thus, it has a high tendency 

10 to be broken by a. juacharHal impact force such as i.s- DTdinarrly 
encountered while the*, assembly is lowered through the well. 
Thus, the provision of a porcelain insulator suffers from the 
unavoidable defect that there is a high tendency of breakage. 

V^t further, insulators ftnmod Df organic polymeric 

IS compounds have been proposed. Although such compounds may have 
a high strength at room temperature And a.xe quite good electrical 
insulators, most of the compounds of this general class are not 
particularly heat resistant* Speci f i cally,very few compounds 
of this, type arc known which are resistant to hot water or tfatcr 
vapor at high temperature and under high pressure* 
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SUMMARY OF TttR JWVt N TTOK 
I a accordance with the inventi on y there is provided 
an eluttrode device for elect vi c&i ij heating xmderground deposit? 
of hydrocarbons including a plurality of well pitie sections > 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons Tor supplying aA electric current to The under- 
ground deposits , a plurality of insulating pipu joints exch 
Including ti first tu-bo-iar member having a flange portion at one 
end thereof, a second tubular member having a cop portion at 

10 one end thereof adapted to be received in the flan&e portion 

of the first tabular mgitibgT with ^ gap therebetween aT1 d an in- 
sulating member disposed \v the gap between the flange portion 
and the cap portion for hermetically coupling the first an3 
second -tubular members white ale-ctrlcally insulating them from 

IS one another and with the insulating pipe >oint.s be\ng us art to 

couple at least some of the pipe sections together and the elec 
trade to one of the pips sections, and a cable connected to the 
electrode for supplying an electric current thereto. 

At least SCtfmj Of tho insulating pipe joints can bo 

20 interconnected. The insulating member of each of the insulated 
pipe joints includes a first Insulating portion disposed in the 
gap between the flange portion in the tap portion and SiiCOnd 
insulating portions disposed adja-cent inner and outer surfaces 
i>f the tubular members with the fxtst and second insulating por- 

25 tions being formed integrally with each other. Preferably, the 



insulating member of Riinh of the in&uLated pipe . joititCi j.y Jimdo 
of a tfluss-jnica uioldin^ formed Hrom nowdcrs of ^las.i and mica. 
An insulatincj coating may be provided on at least A portion of 
the outer* ^arH^oe of the insulated pipe: joint;::. This coatin.g 
may be & retfin' oJ: polytfctriifl uoroutuyle.ua , a resin of dxpbenyl 
oxitte. Moreover, a protective layer of insulation can be 
provided aro\jn<l at least a portion of the inmilating editing* 
Vhe pro tec Live layer raay foe; an inexpensive material such as 
polyethylene, polypropylene ox polyvinyl chloride. 

Further objects and advantages of the indention will 
appear from ths following description taken together with the 
accompanied drawing. 

In accordance with the invention, there 1g provided 
an electrical heating electrode device which is entirely froa of 
the: above-raentiou*d dravbaefcs* A preferred embodiment o£ 
the ele-ctroflo device of the invention will be described in detail, 
fiitBt with reforonce to Fig. 2 which shows & crocs- sectional 
view of an insulated pipa joint 21 Which is Utilised tfit.h the 
electrode device Of the invention . 

a*he pipe ijoint goner a lly designated 21 in Figure 7, 
comprise-^ four basic elements; 

a first tubular member 7-7 1 a second tubular marabar 33, 
a cylindrical sleev^-liXe- cover member 29, end an insulating 
member 35. 

p i l he first tubular jmoAibfer 22 comprises h cylindrical 
tubular portion 23 with a radially outwardly extending flange 
portion 2 A at a lower find ae shown. 

The cecono" tubular member 33 comprised a cylindrical 
tubular portion 30 vith a radially outwardly extending hub portion 
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I 25 at an upper eiv* £fj shown* The into.rior diameter cf tabular 
portion 30 of the second tubular number 33 ehovn identical 
to the interior diameter, of tubular portion 23 of the first 
tu3>itl.ar member 22, 

Hub portion 2fi of the 2nd tubular Tnembcr 33 is provided 
with an internal annular recess 31 a& &hown. Hub portion 2 5 
is also provided with external thread b 32 which mate with 
thread £ 29 .on cover member 29 to be described , 

Sleeve -like cover member 29 comprises a cylindrical, 

10 tabular, draft-like portion 26 with, internal threads . 28 at one. 

lover end as shown in Figure 2 and a ra.&ial3y im^nrcUy extending 
cap portion 27 at the other upper end. As shown, tubular portion 
26 has a larger internal diameter that the external diameter 
o£ flang© portion 24 o£ the first tubular member 22 bo as to 
provide a gap therebetween to he occupied by insulating member 

Cap portion 27 of coyer member 29 has nn internal diameter 
larger than the external ai&meter of tubular portion 23 of the 
Sirst tubular member 22 so as to £orm a </ap thcrebctwejfi, The in- 
ternal diameter of cap portion 27 is smaller than the external 

20 diameter of fiance portion 24 of the first tabular member 22. 

Preferably the first tubular member; 22 p second tubular 
member 33 and cover member 2& are made from steel. 

Insulating member 35 includes an. ou.fcex .circumf erentlally 
insulating portion 36 which surrounds external surfaces of 
tubular portion 23 of first tubular memtber 22 and an inner cir- 
cumferential ly insulating portion 37 which fits inside the internal 
annular recess 31 of hub portion IS Df the second tubular member 
33. The innsr insulating portion 17 has the same internal 
diameter as that of tabular portion 30 of the second tubular member 

3D 33, ab may be efeen, insulating member 35 comprises fin integral 
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•j iti^Aib^r extending Urotn portion 36 thereof to portion 3? thereof. 
Integral insulating member 35 tfcus spaces surfaces o\\ ttie Clr^t 
tubu^r member 22 from surface* of second tubular member 33 and 
cover member 29 by a gap- occupied as seen in Figure 2 by insulating 
member 35. Insulating member 3 IS insulates first tubulax TflCTober 
22 from contact with Socuud tubular member 33 5*nrl cover member 

U'xtl) cover member 29 screwed down onto second tubular 
member 33 as shown in Figure 2, flan#o portion 2d of first tubular 
JO member as encased by insulating member 35 ia sandwiched between 
cover mojobc.t ?3 and the upper end of hub portion 25 of the 
second tubular; member 33, whereby insulating member 35 may form 
£ hesrmatic seal between first tubular member 22 and second tubular 
jocmber 33, 

By screwing cover member 29 onto, second tubular 
member 33, first tubular msmbor 22 may be firmly, seslably coupled 
to fiCCOild tubular member 33 yet insulatively isol* t£<i. r^refrom. 

in assembly, first tubuXar portion 22 may be- inserted 
through cover member 29 following which cove* member 2? may be 
2Q screwed an to second tubular portion 33. The* ijnsulafcing member 
35 may be seen to occupy a gap between, the fi^st tubular member 
22 and the combination of the second tubular member 3 3 eind COVOK 
member 29- 

Prcferably, the entire insulating member is made of 
a cwupa flit ion of glasfc and mica and is formed by a molding pro- 
cess. The insulating aneiabfcr i£ formed by healing a mixture of 
powders of glass and mica bo a sufficiently high temperature 
that the mixture becomes fluid. Once the mixture is flu id , it 
i* pressure molded using a moid of appropriate] shape. The for- 
3 0 nation of the insulating member 35 will be descirbod In more 
de tai)., 



ThO f^rsi; tubular membor 22 and the second tubular 
member 33 *re assembled to be positioned as shown in Pig. 2 *nd 
are Uxp-n heated to a predetermined toiaperature.* The two tubular 
memburs at the elevate tempBratui-o are fitted into a too Id. 
Ne-Xt, 3 mixture oz glass and iftlCft powders ia pre^rod by pre- 
siding the raixture into the ioriu oi a preliminary molded member 
of a cylindrical shape which will *it i the gay between the 
tubular portion 23 or the first txibular member 22 and cover member 
2$. The preliminary molded member is heated to a predetermined 
temperature and fitted in the c?ap in a heated condition. Netft, 
a pressure is applied to the preliminary molded member- before 
it coo It; to force the- material of the HvM^ber to i'lov; into the 
gap bstwBEn the first and second tubular members and into the 
interna.!, annular recess 'SI in the* second tubular member 33* 

For the material of the- prelim inairy molded xnotfibor r 
45 wtfc of, gXaaa powder prepared by pulverising a glar.e used for 
enamel coating steel objects, co/arcierc tally available : as Product 
Wo- 2312 of Nippon Ferro, l,td. t to a eisc of 2G0 mesh aiixed with 
55 wtQ of mica powder of synthetic phlogopoito of a size of 
60 to 200 rcesh. 5 wt% of water is added to the resultant roixtura 
to. \tfet it #o it oan be molded. 1500 gtn d±* the Netted mixture 
is molded using a cold pressure residing process to form Q cylin- 
drical^ shaped bady using a mold (not aton) . Thy preliminary 
molded incwbfcx: wau disposed in a drier at XZ0°C for two hour a 
to dry it prior to its use in forming the insulating member 35* 

Ab described above, the covbl* member 29 and tha bub 
portion 25 arc joined by screw threads. However, the invention 
is not limited tiierato as the cover member 29 and the bub por- 
tion 25 can be joined by veldiricj. 

m an alternate embodiment, the cap portion 27 of 
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1 the cover raeroher 29 i» divided inl:o four qnadxan t.s two of whicn 
axe remove-cL rh£ flange portion 24 of the first", tubular .member 
22 if; i:bon cut vuuh that the reAiiiiniftrj £>art of the .OlttiKje portion 
24 can Tit -through tht? two reinovod quadrants o£ tho oeip |jiOrtxon 
27 so that the flange portion 2 A can be located under the cap por- 
tion 27 uf the covei' member 25. 

Vfi Uh the insula Ue:3 piip* Do5.nU described above, a ten- 
sile force imposed on the etids oJC the* joint is eonv^r ted into a 
compressive force wivich acta between the cap portion 21 nnd 

to Slants portion ?4, Since the compression pUength of the insulating 
raembar 35 of the type described is much greater than its tensile 
strength and since the force par Unit arcfi can be RUi Uably Pet 
by ad 3 us tin cj the e^Uenii of the area on which the compressive 
forces arc applied, Lhe resulting assembly is quite strong and 
able- to -^ithrftancl high t6*itfil& fore as imposed on the ends of the 
joint * 

ht high temperatures, for instant 3DQ°C, the heat 
resiEtaivt characteristics of the insulating member are pr loafer ily 
•tfetermined by the thermal chferncteL-isti^s of the criaB-? material 
20 usetf ae t'.he starting material. Particularly, the transition 
temp era truce of this material important. If the transition 
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temperauue U, for instance, i» a range of ^0 *C to 600 D C. 
a high mechanical strength F.ox the overall assmnbiy will be 
preserved to a Lemperature Df at least 300*C> 

Xith inspect to the resistance to mechanical impact 
S forces, the mica powder which U used to form the insulating 
me*t»fcr is composed of particles having a flat shape wherein 
the Tatio of the diameter to the thickness of a siagle scaTe 
particle is 6 ener?aiy in a .range of 30 to 50:1, Duo to the 
presence of the sc*l© particle?, the molded insulating membor 
10 has a laminated form thereby providing a with a hifch elasticity, 
this high elasticity would not he present if the insulating 
membor were formed only of glass powders. Due to the laminate J 
construction, the insulating member is provided with a much 
greater resistance to repeated temperature changes and mechanical 
15 impact forces then is tt prior art type of insulating member made 
of an inorganic compound, Therefore, the insulatiAfc member 
produced in accordance with the invention is sufficiently strong 
that it can withstand the typical impact forces which arc en- 
countered during the use of the structure, 
20 Next, the construction of -a preferred eitihodiment 

of an. electrode device of the invention utilizing the above - 
dostribeil insulated pipe joint 21 will be given vit-h reference 
to Fig. 3, Reference numerals 1 to 4 used In Fig. 5 indicate 
similar components as those of Fig, 1. The right ha ml half of 
25 *ig, 3 shows the completed structure of the insulated vipe l oint 
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21. As skwn in the figure, the insulatiug member 2 includes 
+kd insiO.atJp.a pipe joints 21, One end o£ the insuLatiog member 
2 is connected to the pipe 1 and the other to tho electrode 
3. These connec ticn<s may bp uindi? hy wo'U- known techniques such 
as raiding or by the use of. screw threads. 

As r in accordance with the invention, the completed 
3n£ulH.tt>d pipe joint 21 has a common thvov£hhole of constant 
internal diameter* the assembly and use thereof is quite easy. 
Tor instance, the provision of the above-described partitions 
is quite simple. Of course, mare than two insulated [>ipO joints 
21 can be provided as needed. Also, one of the pipe joints 21 
can be connected diroctly to the pipe 1. 

7f needed, such as in the case bTinw Saving a high 

salt concentration is used, the outer surface- of the insulated 

pipe joint 21 can be covered with a coating 41 of an organic 

substance having a sufficiently high heat resistant property. 

This is shown in the lefthimd puTt of Mg. 3. For example, the 

TM 

coating 41 can be formed hy shiink fitting a "Tefloo M tube. 

>ts described abova, in accordatico with the invention, 
tho pipos and tha oloc trades arc connected through the insulated 
pipe joints. Tensile forces applied at the ends of the insulat- 
ed pipe joints are converted into compression .forces vhich act 
between the cap portions and the flange portions thereof. Since 
thti compression strength of tho insulating; member Is much greater 
than the tensile strength thereof, the overall electrode device 
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Of the invention has k quits high mechanical strength and can 
withstand high pressures and strong mechanical impact forces 
so that it can be used under severe- operating conditions often 
encountered in oil well application. 

S Yet further > the coating 41 and the insulating members 

2 and 12 of the electrode can be formed from, other materials* 
To determine what materials are best for these members, tests 
were conducted to investigate the resistance ol ; various organic 
polymeric compounds to hot water and water vapor at high temperature 

10 and under high pressure. The compounds investigated are listed in 
Table 1 herein* 

Regarding the tests, test pieces of each of the materials 
were placed in quartz test tubes filled with pure water. These 
test tubes were placed in a 2 - liter autoclave- containing pure 

15 water. The autoclave was hold at 2SD°C at an internal pressuto 
o* 6fi kg/cm 2 for a period of 10 days. The autoclave was then 
cooled to a room temperature and the test pieces vexc checked for 
appearance. The results presented in Table 2 from which it 
- can bo seen that not water and steam had *t much more adverse affect 

20 than dr>- heat. Of the materials testDd, only polytetraf luoroethylene 
resin and diphen/l oxide resin -ware acceptable. 

A coating of -water, and stoam resistant resin c&n be 
formed, around the pipe 1 by repeatedly applying coatings of the 
material end baking the assembly until the desired thickness is 
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obtained. Also, a coating of the heat resistant rei.sn can be 
formed by first preparing a tube of the resin having an Inside 
diameter slightly larger than the outsi.de diameter oil thD pipe 
Uand then slipping the tube over the pipe 1, If the resin 
5 is - in the form of a sheet or tape, it ma/ be wound directly * round 
the pipe 1 and then fusion -bonded i£ necessary. As described 
above, a heat -.shrink able tube of polytetraf luoroethylone can 
bo slipped over the pipe 1 and heated to fit it tightly to the pipe, 
A* discussed above, wKon the assembly including; the 
10 electrode is inserted into the oil w*U, there is unavoidable 
cbTitact .with the inner wall of the well so that tbc heat 
resistant Insulating coating may be damaged. To pyo-vent this, 
protective coating of insulation 16 may be formed around the 
insulation IS as shown in Pig, 5. Since the protective toiling 
XS of insulation 16 may melt or collapse if the electrode is 

exposed* to high temperatures, it tan be made of an inexpensive 
TDatevial such as polyethylene, polypropylene er polyvinyl chloride- 

Typically, the total length of the guide pipe 1 is 
200 to 500 m. However, a single section of the steel pipe that 
20 makes up the fuide pipe 1 is only about 10 lit In length. To join 
the pipe sec Liens, each pir* section is provided with a taper 
thread qti one end and the pipe sections are joined by strewing - 
them together. An insulating coat in* must also be formed around 
the joined parts of the pipe sections and on the surface o£ the 
Z5 coupling. To accomplish this, as sho*n in Fig, 6, steel pipes 
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1A and IB are covered with the coaUug of heat assistant insulat- 
ing material ISA and IFR and arc joined by* a coxipling 1'/. A 
coating of heat resistant insulation 15C is formed aTDunc* the 
coupling ex £ ending into adjacent areas, A heat-shr Lnkable tube 
S of a pDlytetrafluoroethylene is particularly suitable in this 
case. 

To protect tha insulating coatings from direct contact 
vith the inner uaJ 1 of the well, stoel pipe sections IA and IB 
covered with the coating of heat resistant insulating material 
*° 15A and 15 B end protective coatings of insulation 1GA arid 16 JJ 

are first joined through the coupling 17, Thereafter > tht coupling 
16 is coated with the heat resistant insiiUt.-i.roi 15C and then a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as showi in Fig, 7. 
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J A aud IB are covered with the coat Jug of heat assistant insulat- 
ing material ISA and 1FR and arc joined by a coupling 17. A 
coating of heat -resistant insulation ISC is formed mounrf the 
coupling extending into adjacent areas.. A heaL-shxinkable tube 
5 of a pDlytetrafiuDroethylene is particularly suitable in this 
case. 

To protect thu insulating coatings from direct contact 
with the inner vaJl of the well, stool pipe sections I A and IB 
covered with the coating of hoat resistant insulating material 
ISA and 15 B and protective coatings of insulation 16A and 16ii 
are first joined through the coupling 17 1 Thereafter > the coupling 
16 is coated with, the heat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the ad j anon t 
areas as shotm in Fig* 7. 
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Table 2 



Sampl e A ppearance 

A OK. 

B " l\irned into a lump. 

C Po, 

D ' Collapsed 

EI OK. 

B2 1)0 ■ 
F 

G ' Tamed into a lump. 

H Glass whitened 

(Resin came apart) 

I Do. 

J Do. 
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WHAT IS C1.AIH1U) 

1. rm electrode device for electrically heating under- 
ground deposits of hydrocarbons comprising : a plurality of ku11 
pipe sections; an electrode adapted to W disposed in an undue- 
ground deposit ftf hydrocarbons for supplying an electric current 

5 to said underground deposit \ a plurality of insulated pipe joints 
each including a first tubular member having a flange portion 
at one end thereof , a second tubular member having a cap portion 
at one cud thereof adapted to be received in said i'lange portion 
of said first tubular member tfith a therebetween, und un 

10 insulating member diapered in said jap between said fl an ge , por- 
tion and said cap portion for hermetically coupling said iirst 
a^d second tubular member and for electrically insulating said 
first and second tubular members from one another, said insulated 
pipe joints being operatively disposed to couple at l«ast some 

IS of said pipe sections and said electrode trfrile electrically 
insulating said at least some of said pipe sections and said 
electrode; and a cable connected to said electrode for supplying 
an electric current to said electrode. 

2. The electrode device as set forth in claim 1 wherein 
at least some of said insulated pipe joints are interconnected. 

3. the electrode device as sat forth in claim 1 therein 
Said insulating member of each .of said insulated pip^ joints 
comprises a first insulating portion disposed in said gap between 
said f.tauge portion apd said cap portion, and second insulating 
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portions disposed adjacent inner and outer surfaces of said 
tabular members, said first and second insula Ling portions 
being formed integrally with each other. 

4. iiio electrode device as set forth in claim 1 therein 
said insulating member of Q»-cK of said insulated pipe joints 
is made of- a glass -mica maiding forced from glass &ivd mica 

5. Tho elect rods device as set fQTth in claim 1 further 
comprising an SnsuUting coating profiled op at. least a portion 
q£ an outer surface of said insulated pipe joints. 

5. The electrode dovico as set forth in claim 5. wherein 

said insulating coating isrpolytetrftfLuorDothylene , 

7 # The- electrode device as set forth in clatJti 6 wheryin 

said insulating coating comprises a resin of thermally shrirjkable 

polytetrafluo-roethylene. 

r. The electrode device as set forth in claim 5 ^h&xein 

said insulating coating comprises a resin of diphsnyl oxide. 

9, The electrode dwice as set forth in any of claims 5-7 
further comprising a protective layer of insulation .upoix at : 
least a portion of said iasuiatino. coatings 

10. the Dlcctrode devicD as set forth in any of claims £-7 
further comprising a protective layer o£ insulation upon at 
least a portion of said insulating coating, said layer of 
protective insulation comprising a materia] selected from the 
group consisting of polyethylene, polypropylene and polyvinyl chloride. 
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11 % An ciftntrt>clci dcv.ii:R £or oloctr Really heating- under- 

ground deposes oi hydrocarbons comprising a plurality of inter- 
connected wftll pipe BectionB, an 00 trade, adapted to be disposed 
in an underground depnait of hydrocarbons supplying electric 
current to said underground deposit r a.t least one insulated pipe 
joint including ti first twbuUr member comprised of a well pipe 
section having a flange portion at one end thereof/ u second tubu- 
lar raembtir comprised oJ: said electrode d^pojiftd in alignment 
with said xirfct tubular member, a cov^r Jtterabsr carried by saf.d 
Eftcond tubulaX member having a enp portion at one end tharcoi 
disposed in overlying relation to said flange .portion above s&id 
firgt tubular inOfflb&r with a gap therebetween, an insulating member 
disposed in aald gap between said flarKju portion and a&ld cap 
portion for hariaotiCftlly coupling said first and second tubular 
member awd" for el&ctrf calLy insulating said first and second 
tubular members from one another, cable means connected to said 
eieot^od^ for supplying an electric current to aaid electrode ant* 
an Insulating coating provided on at least an outer surface of 
*;aid insulating pipe ^oint* 




